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RETORT ON WAS'E III OF TEE MJLTIVARIATZ STATISTICAL 
CZ4RACTERIZATION OF GEOCZXICAL DATA GEXERAED 3Y EE EGS? Z'OR 

COKES 204.03, 11940, 12041, GGS AND 7239. 

Steven Xi. Warshauer 
Consulting Geologist 

Introductioa ' 

This phase of the multivariate statistical characterization of 

&chemical data generated by the EGa7 for core's 20403, 11940, 12041. 

GGS and 7239 marks the beg4mi.q of tSe sample bp sample, or Q-node, 

analysis. This is an iqortant phase as the positive results obtained 

from tSis phase, when coupled with those from the remaizting portion, 

vi11 lead to geologically siqxificant interpretations of the abundant data 

at hand. 

Xethods 

Q-mode clustei analysis was applied to the data sets obtained 

from phases I and Ii of this project. Clustering l as initiated using the 

unwaighted pair-voup method uith arithmetic averages as that algorikm 

qkuqarts the least structural distor?zion (distortion is inherent anyrime 

one displays a multidimensional structure in 2 dimensions) to the re- 

sultiq dendrograms. Distortion uas evaluated by the calculation of 

Cophenetic correlation coeffi cients for eac,i of the dendrograms. 



-Analyses ware obtained for each of the S-cores separqtely as ~11 

as for 3 different combined sets. The combined data sets consisted of: 

1. A 309 sample by 24 variable.geochemical data set for all 5 cores. 

Data was expressed as weight percent of the total. 

2. A 268 sample by 9 variable mineralogical data set of all the cores 

minus GGS as it did not have a complete mineralogical analysis. Mfnera lo- 

gical data 'was expressed as a percentage of &he total peak intensFty 

as this closely approximates wight percent (Renton. 1978). 

3. A 268 sample by 33 variable data set consisting of the standardized 

values for the geochemical and mineralogical data for all of the cores 

minus GGS. ' 

Copbenetic correlation values were obtained from the resulting 9 

dendrograms. Table 1 is a listing of these values and demonstrates; 

due to the fact that all of the values approach 1.0, the low level of 

distortion obtained throughout the analysis. CSaracterfzation of the 

clusters was then accomplished by the calculation of mean variable 

abmdancas for each of the clusters. Co~sf&~cy and fidelim values 

were abandoned as their binary based nature rendered them useless for 

this tyrJe of ordinal data; i..e., the important variables occurred in 

virtually all of tSe samples, differing only in abundances. 

Results 

Examination of the resulting 9 dendrograms demonstrated several 

important factors; firstly. the 5 separate dendrograms tend to have 

many outlfers, that is, a large portion of the samples fail to cluster. 

Geologic interpretation would therefore be incomplete as many of the 

samples woul,d uot be included in the discussion. 
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Table 1 

Cophenetic correlation values for the eight Q-mode dendroFams 

Dendrogram Cophene tic Correlation Value 

1. Core 11940 0.972 

2. Core 12041 0.964 

3. Core GGS 0.813 

I +. Core 7239 0.963 

3. Core 20403 0.792 

6. Total data, Geochemfstty 0.932 

7. Total data minus GGS, Mineralogy 0.930 

8. Total data minus CGS Mineralogy i Geochemistry 0.949 



., ‘. 

Hare importantly. each core would have to be treated as a separate 

entity and an overall integration of the data *would be almost impos- 

sible. Tao of the combined core data sets, the geochemical and 

minera logical. did have a high degree of samples that clustered 

(over 907.) and provide a much more geologically meaningful picture as 

all of the samples were compared to one another. Due to these facts 

the five separate dendrograms and the combined standardized geochemical 

plus mineralogical data sets were abandoned as uninterpre table and 

further discussion will deaL solely with the 2 remaining combined core 

data sets. 

Exemination of the 309 sample by 24 variable total geochemistry 

data dendrogram indicates the existence of 7 major ciusters, 4 subclusters. 

and a small number of samples that fail to cluster. In addition, the 

clusters are relatad at a very high level of similarity (low dissimi- 
. 

larity), indicating an overall sameness to the samples. Table 2 is a 

listing of the clusters and the variables that characterize each of 

them. The 258 sample by 9 variable mineralogical data set can be 

visually divided into 6 clusters, 3 subclusters, and a smell number of 

outliers. Again note the overall similaritp of the samples to one 

another. A list of the clusters and the varfables that characterize 

each of thezu can be found in Table 3. 

Conclusions 

Due to :Se high level of similarity (low dissimfJ.ariQ) among the 

samples it can be concluded that there are no strong differences among 

t5e shale samples dealt with in this study. It must be noted, however, 

that strong differences mey exist between variables that Tvere not 

measured (such as Uranium). 

d 
I 
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We can seoarate the samples into groupings based on small 
. 

differences in their variable campositions. 

Some vertical and lateral segregation of the samples is apparent 

from visual inspection of the deadrograms. nether or uot there are 

any systematic trends ta the vertical and lateral variations will 

become apparent in Phase IV, when the clusters rJLll be plotted on 

the stratigraphic sections. 

Steven Y. Warshaugr 
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Table 2 

Geochemical variables that best chkacterize the clusters 
generated by the Q-mode analysis of the total data set 

Cluster 

1 

2 

3 

4 

5 

6 

7 

0 

Characterizing Variable(s) 

none (standard cluster) 

Pyri.tic sulfur 

Iron 

Magnesknn 

Silica 

Organic Carboa 

Calcium-Magnesium 

. 
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Table 3 

Mineralogical variables that best characterize the clusters 
generated by the Q-mode analysis of the total data set minus Core GGS. 

Cluster 

. 

Characterizing Variible(s) 

Pyrite 

Orthoclase 

Chlorite-Siderite 

no Siderite 

Illite 

' Quartz-Pfagioclase-Calcite-Ddlomite 


